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Description
BACKGROUND

[0001] The present invention relates to a circuit and a
musical instrument, equipped with an amplifying unit.
[0002] Apparatuses being equipped with a capacitor
for supplementing the operating power thereof have been
proposed. JP-T-2004-503199 discloses an apparatus
equipped with a capacitor that is charged, for example,
by the power supplied via a USB (universal serial bus)
power supply line, the supply power of which is limited.
[0003] However, in the case that an apparatus is
equipped with an amplifying unit, a signal processing unit
for processing the signal to be input to the amplifying unit
is provided together with the amplifying unit, a battery is
used as the power source for supplying the power source
voltage of the amplifying unit and is also used as the
power source for supplying the power source voltage of
the signal processing unit in some cases. In such a case,
the battery supplies the voltage of the battery as the pow-
er source voltage for both the amplifying unit whose pow-
er consumption may fluctuate significantly and the signal
processing unit whose power consumption fluctuates
slightly. Since the power consumption of the amplifying
unit fluctuates due to the amplification operation thereof,
it is conceivable that the voltage of the battery may fluc-
tuate. As a result, the fluctuations of the battery voltage
directly lead to the fluctuations of the power voltage of
the signal processing unit. The operation of the signal
processing unitbecomes unstable due to the fluctuations
of the power source voltage and may cause the stop of
the operation in some cases. Although JP-T-
2004-503199 describes power supply to, for example,
peripheral devices, but does not describe that there are
differences in the power consumption fluctuations of the
respective peripheral devices due to theiroperations, and
does not describe any specific methods for distributing
power between a device having large power consump-
tion fluctuations and a device having small power con-
sumption fluctuations.

SUMMARY

[0004] The present application has been proposed in
consideration of the above-mentioned problems. The
present invention relates to an apparatus equipped with
an amplifying unit having large power consumption fluc-
tuations and a signal processing unit provided to process
the signal to be input to the amplifying unit and having
small power consumption fluctuations. The present in-
vention is intended to provide a circuit and a musical in-
strument capable of properly maintaining the power
source voltages to be supplied to an amplifying unit and
a signal processing unit while power is supplied to the
amplifying unit and the signal processing unit from a bat-
tery commonly used for both the units.

[0005] According to an aspect of the invention, there
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is provided a circuit comprising: a signal processing unit
which is configured to perform signal processing; an am-
plifying unit which is configured to amplify a signal output
from the signal processing unit; a first power supplying
path which is extended from a battery to the signal
processing unit; a second power supplying path which is
branched from the first power supplying path, and which
is extended to the amplifying unit; a power limiting unit
which is provided in the second power supplying path,
and which is configured to limit power flowing in the sec-
ond power supplying path; and a capacitor which is con-
nected to the second power supplying path, and which
is configured to supplement power to be supplied to the
amplifying unit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Fig. 1 is a block diagram showing an electrical con-
figuration of a musical instrument according to a first
embodiment;

Fig. 2 is a graph showing the electrical characteris-
tics of an alkaline dry battery and a nickel hydrogen
rechargeable battery; and

Fig. 3 is a block diagram showing an electrical con-
figuration of a musical instrument according to a sec-
ond embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0007] A musicalinstrument 1 is equipped with, for ex-
ample, a converter 10, a processor 200 and a transducer
30 shown in Fig. 1, in addition to the components provid-
ed for a general acoustic guitar, such as a body, a neck,
a nut, a saddle, a bridge and strings, these being not
shown. The body has a front board, a back board and a
side board, these being not shown, assembled so as to
form an inner space, and the neck is connected to the
frontboard. The strings are stretched between the saddle
disposed on the body via the bridge and the nut disposed
on the neck. The converter 10 is disposed, for example,
on the inner space side of the front board so as to be
opposed to the bridge with the front board provided ther-
ebetween. The converter 10 has, for example, a piezo
pickup and converts the vibration of the strings into a
signal S1 that is an electric signal and then outputs the
signal to the processor 200. The processor 200 performs
predetermined signal processing for the signal S1 input
thereto and outputs a signal S3 to the transducer 30. The
transducer 30is disposed, forexample, onthe frontboard
and applies vibration to the front board on the basis of
the signal S3. For example, when the strings are vibrated
by the player, raw sound is radiated from the body res-
onating on the basis of the vibration of the strings, and a
sound effect is radiated from the body resonating on the
basis of the vibration applied by the transducer 30 to the
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body.

[0008] The processor 200 includes, for example, a
power source 201, DC-DC converters 202 and 206, a
DSP (digital signal processor) 203, an amplifier 204, a
current limiting circuit 205, and a capacitor 207. The pow-
er source 201 is the power source of the processor 200
and is composed of two batteries 201a connected in se-
ries. The battery 201a is herein, for example, an AA-size
alkaline dry battery. For example, in the case that an
external power source, such as a DC voltage device, to
be connected to a commercial power source is used as
the power source of the processor 200, the power source
cable to be connected to the external power source, for
example, is required to be connected to the musical in-
strument 1. In the case that the player plays the musical
instrument 1 in front of an audience, if the power source
cable is connected to the musical instrument 1, the con-
nection looks disagreeable. Furthermore, in the case of
a street performance on the road, it is difficult to prepare
such an external power source in some cases. In this
respect, the power source 201 composed of the batteries
201a provides a good appearance and the degree offree-
dom in the place of performance can be enhanced.
[0009] A path R1 is a power supply path for supplying
power from the power source 201 to the DSP 203 via the
DC-DC converter 202. The DC-DC converter 202 boosts
the voltage V1 output from the power source 201 and
then outputs a voltage V2. The DSP 203 operates by
using the voltage V2 as the power source voltage thereof.
Furthermore, the signal S1 output from the converter 10
is input to the DSP 203. The DSP 203 converts the signal
S1 being an analog signal into a digital signal, performs
signal processing, such as processing for imparting re-
verberations and processing for adjusting volume, and
then converts the generated signal into a signal S2 being
an analog signal and outputs the signal S2. The power
conversion efficiency of the DC-DC converter 202 is ap-
proximately 85 to 90%. Since the only one DC-DC con-
verter, that is, the DC-DC converter 202, is provided as
the DC-DC converterincludedin the path R1 inthe series
direction of the DC-DC converter 202, the power loss in
the path R1 can be minimized.

[0010] A path R2 is a power supply path for supplying
power from the power source 201 to the amplifier 204
via the current limiting circuit 205 and the DC-DC con-
verter 206. The current limiting circuit 205 is connected
to the output terminal of the power source 201 and makes
adjustment so that the value of the current flowing in the
path R2 is equal to or smaller than a preset predeter-
mined value. The currentlimiting circuit 205 is implement-
ed, for example, by a general-purpose IC. The DC-DC
converter 206 is connected to the output terminal of the
current limiting circuit 205, boosts the output voltage of
the current limiting circuit 205, and outputs a voltage V3.
The capacitor 207 is connected between the ground volt-
age and the output terminal of the DC-DC converter 206
and is charged by the power flowing in the path R2. Fur-
thermore, the capacitor 207 is disposed close to the am-
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plifier 204 and is, for example, an electrolytic capacitor
of 6600 wF. In the case that the supply of power to an
uncharged capacitor is started, a large current flows im-
mediately after the start. However, since the route R2 is
provided with the current limiting circuit 205, such a large
current is suppressed from flowing to the capacitor 207
even in the state in which the capacitor 207 is not
charged.

[0011] The amplifier 204 amplifies the power of the sig-
nal S2 that is input thereto by using the power supplied
from the power source 201 through the path R2 and the
power discharged from the capacitor 207 as power sourc-
es, and outputs the signal S3 to the transducer 30.
[0012] The electrical characteristics of batteries are
herein described referring to Fig. 2. Since the internal
resistance, for example, of a battery differs depending
on the type of the battery, the output voltage of the battery
differs depending on the type of the battery according to
the value of the current drawn out from the battery. The
voltage characteristic PVa and the power characteristic
PPa shown in the figure are the characteristics of an al-
kaline dry battery immediately before the voltage of the
battery reaches its termination voltage, and the voltage
characteristic PVb shown in the figure is the character-
istic of a nickel hydrogen rechargeable battery immedi-
ately before the voltage of the battery reaches its termi-
nation voltage. The horizontal axis of each of the voltage
characteristics PVa and PVb represents the value of the
current drawn out from the battery, and the vertical axis
thereof (the left vertical axis in Fig. 2) represents the volt-
age of the battery. The horizontal axis of the power char-
acteristic PPa represents the value of the current drawn
out from the battery, and the vertical axis thereof (the
right vertical axis in Fig. 2) represents the power to be
output. The power characteristic PPa is based on the
voltage characteristic PVa and, more specifically, indi-
cates the value of the power obtained by multiplying the
current value by the voltage value. The voltage of the
battery lowers as the current to be drawn out increases,
and the voltage lowering amount of the alkaline dry bat-
tery isfarlarger than that of the nickel hydrogen recharge-
able battery in the case that the voltage characteristic
PVa is compared with the voltage characteristic PVb.
[0013] Inthe case thatthe power source voltage of the
amplifier 204 lowers temporarily, the power of the output
signal of the amplifier 204 lowers temporarily or the output
from the amplifier 204 stops temporarily. However, as
the power source voltage recovers to a predetermined
voltage, the output signal having a predetermined power
level is output again from the amplifier 204. In other
words, even in the case that the power source voltage
lowers temporarily, the amplifier 204 can operate contin-
uously. On the other hand, in the case that the power
source voltage of the DSP 203 becomes lower than the
predetermined value temporarily, the DSP 203 is inop-
erable and may shut down in some cases. When the
power source voltage recovers to the predetermined volt-
age, the DSP 203 restarts and then resumes operation.
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In other words, in the case that the power source voltage
lowers temporarily, the DSP 203 stops temporarily, and
no signal is output from the DSP 203 in the period be-
tween the stop and the restart. In other words, in the case
that the power source voltage of the amplifier 204 lowers
temporarily, the operation desired for the transducer 30
is merely inactivated temporarily. However, in the case
that the power source voltage of the DSP 203 lowers
temporarily, the operation of the transducer 30 is not per-
formed for a certain period. For this reason, itis important
to preferentially secure the power source voltage of the
DSP 203.

[0014] In addition, the power consumption of the DSP
203 for performing signal processing has small fluctua-
tions, and the current consumption is approximately 0.1
A, for example. On the other hand, the power consump-
tion of the amplifier 204 for performing power amplifica-
tion fluctuates significantly according to the signal S3 and
is larger than that of the DSP 203. If the current consump-
tion of the amplifier 204 has already been drawn out from
the batteries 201a and when the power consumption of
the amplifier 204 increases temporarily, the battery volt-
age lowers temporarily as shown in Fig. 2. In the case
that the battery voltage lowers temporarily and the power
source voltage of the DSP 203 lowers in synchronization
therewith, the DSP 203 shuts down as described above.
In this respect, since the path R1 for supplying power to
the DSP 203 is separated from the path R2 for supplying
power to the amplifier 204 and the current limiting circuit
205 is provided in the path R2, the above-mentioned
problem is solved. Even if the power consumption of the
amplifier 204 fluctuates, since the current flowing in the
path R2 is limited by the current limiting circuit 205, the
current drawn out from the batteries 201a is limited, and
the voltage V1 is suppressed from lowering. Since the
voltage V1 is equal to or larger than the predetermined
voltage, the voltage V2 is supplied stably from the DC-
DC converter 202 to the DSP 203 regardless of the fluc-
tuations in the power consumption of the amplifier 204.
Hence, the shutdown of the DSP 203 due to the lowering
of the power source voltage is suppressed, and the stop
of the sound radiation from the transducer 30 for a certain
period is suppressed.

[0015] Next, a specific configuration of the processor
200 will be described.

[0016] The power source 201 is composed of the two
batteries 201a connected in series. For example, in the
case that the batteries 201a are new alkaline dry batter-
ies, the power source 201 is expected to output the volt-
age V1 of approximately 3 V (1.5 V X 2), that is, the
nominal voltage of the batteries. However, for example,
when the time of use of the batteries 201a becomes long,
the voltage of the batteries lowers. In order that the mu-
sical instrument 1 having the processor 200 operating
stably is provided, the processor 200 is required to op-
erate even in the case that the voltage of the batteries
201areaches a value close to the termination voltage of
2V (1V X 2) and that the voltage V1 is approximately 2
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V. The voltage characteristic PVa and the power char-
acteristic PPa shown in Fig. 2 indicate the characteristics
of the batteries 201a having an open voltage of approx-
imately 2 V. The maximum power is approximately 0.8
W as indicated by the power characteristic PPa. In other
words, the power source 201 cannot drive a load exceed-
ing a power level of 0.8 W. In the following descriptions,
the batteries 201a having a voltage lowered close to the
termination voltage are referred to as worst-case batter-
ies 201a.

[0017] The power consumption of the amplifier 204 de-
pends on the amplitude of the signal S2 to be input there-
to. The signal S2 is based on the signal S1 output from
the converter 10. The signal S1 is an audio signal based
on musical performance, and the amplitude indicating
the volume varies. The inventors of the present invention
have found that the average amplitude of the audio signal
is approximately 1/8 of the maximum amplitude and that
the duration of the maximum amplitude is shorter than
the duration of the average amplitude, regardless of the
type of music. Furthermore, the average power con-
sumption of the amplifier 204 is approximately 0.5 W.
Hence, even if the batteries 201a are the worst-case bat-
teries 201a during periods other than the period during
which the amplifier 204 requires the instantaneous max-
imum power, the amplifier 204 can output the signal S3
having the desired power by virtue of the power supplied
from the power source 201, and the capacitor 207 is
charged. Moreover, for example, the instantaneous max-
imum power required in the case that the musical instru-
ment 1 is played with a strong stroke is 2 W or more. In
the case that the batteries 201a are the worst-case bat-
teries 201a, when only the power source 201 is used,
the instantaneous maximum power cannot be supplied.
However, power is supplied from the capacitor 207 con-
nected to the amplifier 204. Still further, the capacitance
value of the capacitor 207 has been set so as to be able
to supplement the instantaneous maximum power in the
period when the amplifier 204 requires the instantaneous
maximum power. Hence, in the period during which the
power consumption of the amplifier 204 exceeds the av-
erage power consumption, in addition to the power sup-
plied from the power source 201 to the amplifier 204,
power is supplied from the capacitor 207, whereby the
signal S3 having the desired power is output from the
amplifier 204. As a result, the attack feeling of the sound
effect from the transducer 30 is suppressed from being
diminished. Since the processor 200 can perform the de-
sired operation even in the case that the batteries 201a
are the worst-case batteries 201a, the musicalinstrument
1 can function until the voltage of the batteries 201a
reaches the termination voltage.

[0018] Inthe case of analkalinedrybattery, the voltage
of the battery becomes lower as the current to be drawn
out from the battery is larger. Hence, if the current to be
drawn outis large, the voltage of the battery may become
lower than the voltage required for driving a load in some
cases. In such a case, the battery cannot drive the load
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although the battery is still in the state of being capable
of supplying power, whereby the battery is not utilized to
the fullest. However, in the processor 200, since the cur-
rent flowing in the path R2 is set to a nearly constant
value by the current limiting circuit 205 and the value of
the current drawn out from the batteries 201a is limited,
it is possible to suppress such a state in which the battery
is not utilized to the fullest. Furthermore, the life of a bat-
tery generally becomes shorter as the currentto be drawn
out is larger. However, since the value of the current to
be drawn out from the batteries 201a is limited, the life
of the batteries 201a can be suppressed from becoming
short. The cycle of replacing the batteries 201a can thus
be elongated.

[0019] In order to drive the amplifier 204, it may be
conceivable to use, for example, a method in which the
number of the batteries 201a is increased so as to in-
crease the power to be supplied from the power source
201. However, since the player plays the musical instru-
ment 1 while supporting the instrument, the instrument
is desired to be light in weight. The musical instrument 1
can be made light in weight by using the batteries 201a,
two in number. Furthermore, the DC-DC converter 202
is a DC-DC converter that operates even at 1.0 V that is
obtained by subtracting a margin of 1.0V from the voltage
of the worst-case batteries 201a. Hence, the DSP 203
can be driven securely until the voltage of the batteries
201areaches the termination voltage. Although the case
in which the batteries 201a are alkaline dry batteries is
taken as an example in the above description, even in
the case that each of the batteries 201a is a nickel hy-
drogen battery rechargeable battery having a nominal
voltage of 1.2V, thatis, even in the case that the voltage
V1 is 2.4 V, the DC-DC converter 202 can operate,
whereby the processor 200 can also operate.

[0020] The DSP 203 is herein an example of a signal
processing unit, and the amplifier 204 is an example of
an amplifying unit. In addition, the path R1 is an example
of a first power supplying path, and the path R2 is an
example of a second power supplying path. The path R1
and the path R2 are, for example, electric lines. Moreo-
ver, the current limiting circuit 205 is an example of a
power limiting unit.

[0021] The above-mentioned first embodiment exhib-
its the following advantages.

[0022] The path R2 branched from the path R1 is
equipped with the current limiting circuit 205. Hence,
even in the case that the power consumption of the am-
plifier 204 fluctuates, since the power to be supplied from
the batteries 201a to the amplifier 204 is limited, the cur-
rent to be drawn out from the batteries 201a is limited.
Since the current drawn out from the batteries 201a is
limited by the current limiting circuit 205, the voltage of
the batteries 201a is suppressed from lowering. Hence,
the voltage V2 serving as the power source voltage of
the DSP 203 is suppressed from lowering, whereby the
operation of the DSP 203 is suppressed from becoming
unstable. Even in the case that the power to be supplied
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from the batteries 201a is limited by the current limiting
circuit 205 because of the increase in the power con-
sumption of the amplifier 204, the capacitor 207 is used
to supplement the shortage of the power, whereby the
signal S3 having the desired power can be obtained. The
power source 201 composed of the batteries 201a, com-
monly used for the amplifier 204 having large power con-
sumption fluctuations and for the DSP 203 having small
power consumption fluctuations, can drive both the am-
plifier 204 and the DSP 203 stably.

[0023] Furthermore, even at the peak time of the volt-
age amplitude indicating the volume of the signal S1 serv-
ing as an audio signal, while the voltage V3 to be supplied
to the DSP 203 is properly maintained by the current
limiting circuit 205, the shortage of the power to be con-
sumed by the amplifier 204 is supplemented from the
capacitor 207 to the amplifier 204, whereby the power
shortage of the signal S3 serving as the output signal
from the amplifier 204 is suppressed. The attack feeling
of the sound radiated from the transducer 30 driven by
the signal S3 is suppressed from being diminished. In
addition, since the current drawn out from the batteries
201a is limited by the current limiting circuit 205, the life
of the batteries 201a can be suppressed from becoming
short. Itis thus possible to provide the musical instrument
1 having a long battery replacement cycle.

[0024] Next, a musicalinstrument2 accordingtoasec-
ond embodiment will be described. The same compo-
nents as those according to the firstembodiment are des-
ignated by the same reference numerals and signs, and
their detailed descriptions are omitted as necessary.
[0025] The musical instrument 2 is equipped with, for
example, a converter 10, a processor 210 and a speaker
40 shown in Fig. 3, in addition to components provided
for a general acoustic guitar, such as a body, a neck, a
nut, a saddle, a bridge and strings, these being not
shown. The processor 210 includes, for example, a pow-
er source 201, DC-DC converters 211 and 212, a DSP
203, an amplifier 204, a resistor 213, and a capacitor
214. The speaker 40 is disposed, for example, in the
inner space of the body. The speaker 40 is connected to
the output terminal of the amplifier 204 and radiates a
sound effect according to the signal S5 output from the
processor 210.

[0026] A path R3is a power supply path for supplying
power from the power source 201 to the DSP 203 via the
DC-DC converters 211 and 212. The DC-DC converter
211 boosts the voltage V1 output from the power source
201 and outputs a voltage V4. The DC-DC converter 212
boosts the voltage V4 and outputs a voltage V5. The DSP
203 operates by using the voltage V5 as its power source
voltage and outputs a signal S4.

[0027] Thepath R4isapowersupply path forsupplying
power from the DC-DC converter 211 to the amplifier 204
via the resistor 213. One terminal of the resistor 213 is
connected to the output terminal of the DC-DC converter
211 and is used to limit the power flowing in the path R4.
Hence, even in a state in which the capacitor 214 is not
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charged, the resistor 213 can suppress a large current
from flowing to the capacitor 214. The capacitor 214 is
connected between the ground voltage and the other ter-
minal of the resistor 213 and is charged by the power
flowing in the path R4. The capacitor 214 is disposed
close to the amplifier 204 and is, for example, an electric
double-layer capacitor.

[0028] The amplifier 204 amplifies the power of the sig-
nal S4 input thereto by using the power supplied from
the power source 201 through the path R4 and the power
discharged from the capacitor 214 as power sources,
and outputs the signal S5 to the speaker 40.

[0029] A CR low-pass filter is formed of the resistor
213 and the capacitor 214. The resistance value of the
resistor 213 and the capacitance value of the capacitor
214 are herein determined so that the cutoff frequency
of the CR low-pass filter formed of the resistor and the
capacitor is equal to or lower than the minimum frequency
contained in the signal S4. More specifically, since the
amplifier 204 is generally driven in the audible frequency
band, the values are set so that the cutoff frequency is
equal to or lower than the audio frequency band. Hence,
even if the current consumption of the amplifier 204 fluc-
tuates according to the signal S4, the current flowing in
the path R4 is limited to the DC component thereof that
does not fluctuate with time, and the component of the
current that fluctuates with time is replenished from the
capacitor 214.

[0030] The path R3is herein an example of a first pow-
er supplying path, and the path R4 is herein an example
of a second power supplying path. The path R3 and the
path R4 are, for example, electric lines. The resistor 213
is an example of a power limiting unit.

[0031] The second embodiment described above ex-
hibits advantages similarto those of the first embodiment.
[0032] Even in the case that the power consumption
of the amplifier 204 fluctuates, since the power supplied
from the batteries 201a to the amplifier 204 is limited by
the resistor 213, the current drawn out from the batteries
201a is limited. Hence, the voltage V1 of the batteries
201a is suppressed from lowering and fluctuating.
Hence, the voltage V5 serving as the power source volt-
age of the DSP 203 is suppressed from lowering, where-
by the operation of the DSP 203 is suppressed from be-
coming unstable. Even in the case that the power con-
sumption of the amplifier 204 increases, the capacitor
214 supplements the shortage of the power, whereby the
signal S5 having the desired power can be obtained. The
power source 201 composed of the batteries 201a, com-
monly used for the amplifier 204 having large power con-
sumption fluctuations and for the DSP 203 having small
power consumption fluctuations, can drive both the am-
plifier 204 and the DSP 203 stably.

[0033] Furthermore, since the power is supplemented
to the amplifier 204 from the capacitor 214, the shortage
of the power of the signal S5 serving as the output signal
of the amplifier 204 is suppressed. The attack feeling of
the sound radiated from the speaker 40 driven by the
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signal S5 is suppressed from being diminished. It is thus
possible to provide the musical instrument 2 having a
long battery replacement cycle.

[0034] The present invention is not limited to the
above-mentioned embodiments, but can be improved
and modified variously within the scope not departing
from the gist of the present invention as a matter of
course.

[0035] For example, although it has been described
that the musical instrument 1 is equipped with the trans-
ducer 30 and that the musical instrument 2 is equipped
with the speaker 40, the musical instruments may not be
limited to have these configurations; the musical instru-
ment 1 may be configured so as to be equipped with a
speaker instead of the transducer 30, and the musical
instrument 2 may be configured so as to be equipped
with a transducer instead of the speaker 40.

[0036] Furthermore, although it has been described
that the musical instrument 1 is equipped with the current
limiting circuit 205 and that the musical instrument 2 is
equipped with the resistor 213, the musical instruments
may not be limited to have these configurations; the mu-
sical instrument 1 may be configured so as to be
equipped with a resistor instead of the current limiting
circuit 205, and the musical instrument 2 may be config-
ured so as to be equipped with a current limiting circuit
instead of the resistor 213.

[0037] Moreover, in the first embodiment, although it
has been described that the processor 200 includes the
current limiting circuit 205 and the DC-DC converter 206,
the processor 200 may be configured so as to include a
DC-DC converter having a current limiting function in-
stead of the above-mentioned configuration. Still further,
although it has been described that the DC-DC converter
206 is connected to the rear stage of the current limiting
circuit 205, it may be possible to have a configuration in
which the current limiting circuit 205 is connected to the
rear stage of the DC-DC converter 206.

[0038] Although it has been described that the power
source 201 is composed of the two batteries 201a con-
nected in series, this description does not limit the
number of the batteries and does not limit the connection
relation of the batteries. Furthermore, although it has
been described that the battery 210a is an alkaline dry
battery, the battery 201a may be another type of battery,
such as a nickel hydrogen rechargeable battery ora man-
ganese dry battery.

[0039] Moreover,in the second embodiment, although
it has been described that the cutoff frequency of the CR
low-pass filter formed of the resistor 213 and the capac-
itor 214 is equal to or lower than the minimum frequency
contained in the signal S4, the second embodiment is
not limited to have this configuration. Even in the case
that the cutoff frequency is higher than the minimum fre-
quency contained in the signal S4, the power supply path
can be selectively used by the CR low-pass filter that is
configured such that the power having a frequency equal
to or lower than the cutoff frequency is supplied from the
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path R4 and such that the power having a frequency high-
er than the cutoff frequency is supplied from the capacitor
214.

[0040] In addition, in the case that priority is given to
making the musical instruments 1 and 2 light in weight
as described above, it is preferable that the sizes of the
capacitors 214 and 207 should be reduced. In this case,
since the capacitance values of the capacitors 214 and
207 become small, the maximum instantaneous power
required by the amplifier 204 may not be supplied suffi-
ciently from the capacitors 214 and 207, the power levels
of the signals S3 and S4 become insufficient and the
attack feelings of the sound effects radiated from the
transducer 30 and the speaker 40 may be diminished. In
this case, itis preferable that the signals S3and S5 should
be adjusted. More specifically, it is preferable that, for
example, a limiter or a compressor should be added to
the rear stage ofthe DSP 203 to suppress the peak values
of the signals S3 and S5. Since the musical instruments
1 and 2 are each configured so as to radiate raw sound
and a sound effect, even if the dynamic range of the vol-
ume of the sound effect decreases, the decrease can be
compensated by the raw sound.

[0041] Furthermore, although the musical instrument
1 in which an acoustic guitar is additionally provided with
the converter 10, the processor 200 and the transducer
30 and the musical instrument 2 in which an acoustic
guitar is additionally provided with the converter 10, the
processor 210 and the speaker 40 have been taken as
examples in the above description, musical instruments
additionally provided with the converter 10 and the other
devices are not limited to acoustic guitars, but such de-
vices can be added to other musical instruments. In par-
ticular, since musical instruments that are played while
being supported by the players are desired so that no
power cable should be extended from the instruments,
the configuration of the present invention can be applied
further preferably to musical instruments that are played
while being supported by the players, for example,
stringed instruments, such as a violin, and wind instru-
ments, such as an oboe and a trumpet.

[0042] Moreover, although the DSP 203 has been tak-
en as an example of a signal processing unitin the above
description, the signal processing unit is not limited to
the DSP 203, and the configuration of the present inven-
tion can also be applied to cases in which other digital
signal processing systems, such as a CPU (central
processing unit) and a PLD (programmable logic device),
are used as signal processing units.

[0043] According to the invention, there is provided a
circuit comprising: a signal processing unit which is con-
figured to perform signal processing; an amplifying unit
which is configured to amplify a signal output from the
signal processing unit; a first power supplying path which
is extended from a battery to the signal processing unit;
a second power supplying path which is branched from
the first power supplying path, and which is extended to
the amplifying unit; a power limiting unit which is provided
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in the second power supplying path, and which is con-
figured to limit power flowing in the second power sup-
plying path; and a capacitor which is connected to the
second power supplying path, and which is configured
to supplement power to be supplied to the amplifying unit.
[0044] The second power supplying path branched
from the first power supplying path is equipped with the
power limiting unit. Hence, even in the case that the pow-
er consumption of the amplifying unit fluctuates, since
the power supplied from the battery to the amplifying unit
is limited, the current to be drawn out from the battery is
limited. In the case that the current to be drawn out from
the battery increases, the output voltage of the battery
lowers, for example, due to the internal resistance of the
battery. Since the current drawn out from the battery is
limited by the power limiting unit, the output voltage of
the battery is suppressed from lowering. Hence, the volt-
age to be supplied to the signal processing unit so as to
be used as the power source voltage of the signal
processing unit is suppressed from lowering, whereby
the operation of the signal processing unit is suppressed
from becoming unstable. Even in the case that the power
to be supplied from the battery is limited by the power
limiting unit because of the increase in the power con-
sumption of the amplifying unit, the capacitor is used to
supplement the shortage of the power, whereby a signal
having the desired power can be obtained. The battery
commonly used for the amplifying unit having large power
consumption fluctuations and for the signal processing
unit having small power consumption fluctuations can
drive both the units stably.

[0045] The power limiting unit may be a current limiting
circuit. The power limiting unit can be implemented by
using a current limiting circuit. Even in the case that the
power consumption of the amplifying unit fluctuates,
since the power supplied from the battery to the ampli-
fying unit is limited by the current limiting circuit, the out-
put voltage of the battery is suppressed from lowering.
The voltage to be supplied to the signal processing unit
is suppressed from lowering, whereby the operation of
the signal processing unit is suppressed from becoming
unstable.

[0046] The power limiting unit may be a resistor. The
power limiting unit can also be implemented by using a
resistor. Even in the case that the power consumption of
the amplifying unit fluctuates, the power supplied from
the battery to the amplifying unit is limited by the resistor.
Hence, the output voltage of the battery is suppressed
from lowering. Furthermore, since a CR low-pass filter is
formed of the resistor and the capacitor, the power to be
drawn out from the battery can be limited to the power
having frequencies equal to or lower than the cutoff fre-
quency of the filter. Hence, the fluctuations of the power
drawn out from the battery due to the fluctuations of the
power consumption of the amplifying unit are sup-
pressed. Consequently, the output voltage of the battery
is suppressed from lowering and fluctuating. The voltage
to be supplied to the signal processing unit is thus sup-
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pressed from lowering, whereby the operation of the sig-
nal processing unit is suppressed from becoming unsta-
ble.

[0047] A signal which is input to the signal processing
unit and to which the signal processing unit is configured
to perform the signal processing may be an audio signal.
It is preferable that the amplifying unit should be used as
a unit for amplifying the drive signal for driving a device,
such as a speaker or a transducer that is driven on the
basis of the output signal from the amplifying unit. In this
case, the voltage amplitude indicating the volume of an
audio signal varies. In the case that the signal input to
the amplifying unit has peak voltage amplitude, if the pow-
er to be supplied to the amplifying unit is insufficient, the
power of the output signal from the amplifying unit be-
comes insufficient, and the attack feeling of the sound
radiated from, for example, a speaker that is driven by
the output signal, may be diminished. Even at the peak
time of the audio signal, while the power source voltage
to be supplied to the signal processing unit is properly
maintained by the power limiting unit, the shortage of the
power to be consumed by the amplifying unit is supple-
mented by the power from the capacitor, whereby the
power shortage of the output signal from the amplifying
unit is suppressed. Hence, while the audio signal to be
outputfrom the signal processing unitis obtained secure-
ly, amplification can be carried out properly at the ampli-
fying unit, whereby the attack feeling of the sound radi-
ated from, for example, a speaker that is driven by the
output signal from the amplifying unit is suppressed from
being diminished.

[0048] According to the invention, there is also provid-
ed a musical instrument comprising: the circuit; the bat-
tery; and at least one of a speaker and a transducer,
driven based on a signal output from the amplifying unit.
Since the current drawn out from the battery is limited by
the power limiting unit, the life of the battery can be sup-
pressed from becoming short. It is thus possible to pro-
vide a musical instrument having a long battery replace-
ment cycle.

[0049] With the circuit and the musical instrument ac-
cording to the present application, the present invention
can provide a circuit and a musical instrument capable
of properly maintaining the power source voltages to be
supplied to an amplifying unit and a signal processing
unit while power is supplied to the amplifying unit and the
signal processing unit from a battery that is commonly
used for both the units.

Claims

1. A circuit comprising:
a signal processing unit which is configured to
perform signal processing;

an amplifying unit which is configured to amplify
a signal output from the signal processing unit;
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a first power supplying path which is extended
from a battery to the signal processing unit;

a second power supplying path which is
branched from the first power supplying path,
and which is extended to the amplifying unit;

a power limiting unit which is provided in the sec-
ond power supplying path, and which is config-
ured to limit power flowing in the second power
supplying path; and

a capacitor which is connected to the second
power supplying path, and which is configured
to supplement power to be supplied to the am-
plifying unit.

The circuit according to claim 1, wherein
the power limiting unit is a current limiting circuit.

The circuit according to claim 1, wherein

the current limiting circuit is configured to make ad-
justment so that a value of current flowing in the sec-
ond power supplying path is equal to or smaller than
a preset predetermined value.

The circuit according to claim 1, wherein
the power limiting unit is a resistor.

The circuit according to any one of claims 1 to 4,
wherein

a signal which is input to the signal processing unit
and to which the signal processing unit is configured
to perform the signal processing is an audio signal.

A musical instrument comprising:

the circuit according to claim 5;

the battery; and

at least one of a speaker and a transducer, driv-
en based on a signal output from the amplifying
unit.



FIG. 1

EP 3 197 009 A1

10 !
CONVERTER
S --200
———————————————————————————————————————————————————————— L____|
|
]
|
R1 f-202 i
/ DC-DC !
CONVERTER ;
]
|
R2 C 205 r* 206 i
¢ i 5 CURRENT ;l DC-DC V3 !
201 LIMITING CIRCUIT CONVERTER |
1
Vi | E
EEZOM 207 i
201a !
]
]
; 777 E
____________________________________________________________ |



EP 3 197 009 A1

2.50 op 0.90
a

P}’b /-—\{ L0.80
2.00 = winchabubabe’ 4 I - - _0.70
-0.60

1504°2Y8 A e N
-0.50

BATTERY VOLTAGE [V] POWER [W]
-0.40
1.00 -—-- N
/ -0.30
050_ - - e e NN ‘020
-0.10
0.00 Y T T T T T ; T T 0.00
00 02 04 06 08 10 12 14 16 18 20

CURRENT [A]

10



EP 3 197 009 A1

FIG. 3

CONVERTER

[=]
—

rmm—m e =
N <
L N
\

1 | ~

| 1 S

“

|

i

i

1

i

!

!
R

| [a] ©

! >

i

i

|

! w

| >

! o~

i o~

| r o

| o

1

1 CR

‘ Qi

“ Q> @

-—

“ 0= ~

' (@]

I

i

]

| b

! o

i

| g

| >

] ~—

] ~—

“ o™~

1 o

" r[ PvW

| Qf

I Q>

“ az

! 3

i

i

i

! 2 =

! - & K

| >

“ |

i

I

|

|

1

e e ])

1"



10

15

20

25

30

35

40

45

50

55

EP 3 197 009 A1

des brevets

[

EPO FORM 1503 03.82 (P04C01)

Eutrop;a'isc{l:s
European
_0))) ot arpten EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 17 15 2083

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
Y US 2002/018351 Al (VANHERCK RUDY [BE]) 1-6 INV.
14 February 2002 (2002-02-14) H02J7/34
* abstract * GO6F1/26
* current limiter;
figure 1 * ADD.
----- G1OH1/46
Y US 2009/110214 Al (LITOVSKY ROMAN N [US] 1-6 G10H5/04
ET AL) 30 April 2009 (2009-04-30) HO2M3/00
* second power source; HO2J7/00
claim 1l *
* sound amplification;
paragraph [0122] *
* power supply and capacitor together
provide peak power to amplifiers;
paragraph [0083] *
* capacitor for increased power during
pieces of music;
paragraph [0120] *
* instantaneous reduction of input
resistance;
*
paragraph [0058] * ;EﬁﬂgﬁﬁéFEﬁﬁi)
Y US 2003/160513 Al (BRAMBLE MATTHEW FORBES |1-6 G1OH
[GB]) 28 August 2003 (2003-08-28) HO3G
* Dual power supply; HO3F
paragraph [0030]; figure 1 * HO2J
* Dual power supply; HO2M
claim 1 * GO6F

* paragraph [0030] *

* paragraphs [0030], [0034] *
* regulator;

claim 6 *

* second power rail;

paragraph [0018] *

The present search report has been drawn up for all claims

Place of search Date of completion of the search

Munich 15 March 2017

Examiner

Glasser, Jean-Marc

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another
document of the same category

D : document cited in the application
L : document cited for other reasons

A technological backgroUund e et et e be st h e ae e
O : non-written disclosure & : member of the same patent family, corresponding

P : intermediate document document

12




EP 3 197 009 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 17 15 2083

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

15-03-2017
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2002018351 Al 14-02-2002 CN 1394304 A 29-01-2003
EP 1303804 A2 23-04-2003
JP 2004503199 A 29-01-2004
KR 20020029940 A 20-04-2002
US 2002018351 Al 14-02-2002
WO 0203184 A2 10-01-2002
US 2009110214 Al 30-04-2009 CN 101842961 A 22-09-2010
EP 2218157 Al 18-08-2010
US 2009110214 Al 30-04-2009
WO 2009058615 Al 07-05-2009
US 2003160513 Al 28-08-2003  EP 1339267 Al 27-08-2003
GB 2385725 A 27-08-2003
US 2003160513 Al 28-08-2003

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13




EP 3 197 009 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 2004503199 T [0002] [0003]

14



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

